Introduction {#sec1_1}
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Secondary acute myeloid leukemia (AML) is a rare but potentially fatal adverse event after chemotherapy or radiotherapy for malignancy. Secondary AML has two types of origin as follows: AML developing after chemotherapy or radiotherapy (therapy-related AML) and AML resulting from a disease progression of myelodysplastic or myeloproliferative neoplasm \[[@B1]\]. Therapy-related AML accounts for 8% of all AML. The interval between the onset of therapy-related AML and chemotherapy or radiotherapy was reported to be 5--7 years \[[@B2], [@B3]\]. Therapy-related AML prognosis is poor, with a 5-year overall survival of 4% in patients who had undergone an allogeneic transplantation \[[@B1], [@B2], [@B4]\].

Chemoradiotherapy plays an important role in the treatment of esophageal cancer. Chemoradiotherapy is conducted with curative, preoperative, salvage, and palliative intents \[[@B5], [@B6]\]. The acute and late adverse events for chemoradiotherapy have been previously reported \[[@B3], [@B6]\]; however, the reports on therapy-related AML after chemoradiotherapy for esophageal cancer are limited with only one report describing four patients with therapy-related AML after chemoradiotherapy for esophageal cancer. Overt AML from myelodysplastic syndrome was reported in two of four patients, and its onset after chemoradiotherapy was 19--41 months \[[@B7]\]. Herein, we report a patient with therapy-related AML 2 months after chemoradiotherapy for esophageal cancer.

Case Report {#sec1_2}
===========

A 61-year-old male experiencing severe dysphagia for 3 months was referred to our clinic. Computed tomography and esophagogastroduodenoscopy revealed esophageal squamous cell carcinoma with metastatic mediastinal and abdominal para-aortic lymph nodes, clinical stage IVB, cT4bN2M1, according to the Union for International Cancer Control eighth edition. Laboratory test did not reveal any abnormality except mild macrocytic anemia. To alleviate dysphagia due to malignant esophageal stenosis, the patient underwent 60 Gy of local radiotherapy in 30 fractions with concurrent chemotherapy with cisplatin 70 mg/m^2^ (days 1, 29) and 5-fluorouracil 700 mg/m^2^ (days 1--4, 29--32). Dysphagia alleviated during chemoradiotherapy; however, pancytopenia did not and it continued 6 weeks after the start of chemoradiotherapy (Fig. [1](#F1){ref-type="fig"}). No abnormal cells were found in the peripheral blood. Moderate fatigue and low-grade fever without respiratory symptoms developed 13 weeks after the start of chemoradiotherapy. To determine the cause of fever, computed tomography was performed 15 weeks after the start of chemoradiotherapy, which revealed diffuse ground-glass opacity in the bilateral lungs. Based on this finding combined with bronchoalveolar lavage fluid and *Pneumocystis jirovecii*, a diagnosis of *Pneumocystis* pneumonia was made. To rule out hematological malignancy, bone marrow biopsy was performed. The bone marrow smear, chromosomal test, and flow cytometry analysis indicated the development of AML. Chromosomal test revealed a complex karyotype as follows: 47, XY, add(5)(q13), add(6)(p21), add(18)(q21), −21, +mar×2\[13\]/48, idem, +8\[1\]/46, idem, der(1)add(1)(p34)add(1)(q21), −add(6)\[[@B5]\]. Thus, a diagnosis of therapy-related AML was made by the multidisciplinary team that included hematological oncologists. The complex karyotype suggested the possibility of myelodysplastic syndrome-overt AML. Considering poor pulmonary function and the coexistence of incurable advanced esophageal cancer and unfavorable AML karyotype, the best supportive care was recommended for the patient. After consenting, the patient received the best supportive care and died 1 month after the diagnosis of therapy-related myelodysplastic syndrome-overt AML.

Discussion {#sec1_3}
==========

We report the case of therapy-related AML that developed 2 months after chemoradiotherapy for esophageal cancer. There are two important clinical findings of this case study. First, therapy-related AML may occur during the acute phase of chemoradiotherapy, which mimics prolonged pancytopenia after chemoradiotherapy. Second, the existence of myelodysplastic syndrome may accelerate the onset of therapy-related AML.

Therapy-related AML may develop during the acute phase of chemoradiotherapy for esophageal cancer. Pancytopenia including leukocytopenia and general fatigue are the initial signs of AML \[[@B8]\]. Similarly, leukocytopenia and general fatigue are also common acute adverse events in chemoradiotherapy for esophageal cancer \[[@B9], [@B10]\]. Persistent pancytopenia with general fatigue due to AML is potentially misunderstood as a prolonged acute hematological adverse event after chemoradiotherapy. Previously, the development of therapy-related AML during the acute phase of chemoradiotherapy has not been reported. Therapy-related AML may develop as an acute adverse event of chemoradiotherapy for esophageal cancer. In case of prolonged pancytopenia with general fatigue after chemoradiotherapy, bone marrow biopsy is necessary to rule out hematological malignancy even during the acute phase of chemoradiotherapy.

The early onset of therapy-related AML might be associated with myelodysplastic syndrome. In the present case study, chromosomal test showed a complex karyotype involving three or more chromosomes or chromosomal arms/segments. A complex karyotype is not common in de novo AML, but it is in myelodysplastic syndrome-overt AML \[[@B11]\]. The chromosomal abnormality +8 is frequently observed in myelodysplastic syndrome \[[@B12]\]. Mild macrocytic anemia without leukopenia and thrombocytopenia are common laboratory findings in asymptomatic myelodysplastic syndrome \[[@B13]\]. These findings possibly support the existence of myelodysplastic syndrome in our patient. DNA damages due to chemoradiotherapy result in chromosomal instability \[[@B14]\]; this might possibly have accelerated the unusual onset of therapy-related AML in our patient.

In conclusion, therapy-related AML may develop during the acute phase of chemoradiotherapy, which may accelerate the onset of myelodysplastic-overt AML. Bone marrow biopsy is necessary even during the acute phase when prolonged pancytopenia with general fatigue exists after chemoradiotherapy.
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